Introduction
The solution state of aluminium compounds and of aluminium trichloride in particular is receiving con siderable attention. This is due to the fact that high resolution 27A1 NM R m ethods allow the detection of various species present in solution and are, there fore, superior to other methods such as electrical conductance m easurem ents and even IR spectro scopy. H ow ever, only a combination of physical m ethods allows a detailed description of a system under investigation.
27A1 N M R spectroscopy has led to a fairly good understanding of the aqueous solution state of A1C13 and A1(C104)3 and the hydrolysis of these com pounds [1] . M ethanol [2] and ethanol solutions [3] [4] [5] of AICI3 and A1(C104)3 have been investigated in cluding NM R m ethods, in order to primarily deter mine solvation num bers. Similar, though less exten sive, studies involve A1C13 solutions in propanol [4] , «-butanol and rm -butanol [6] . In all these solutions hexacoordinated, solvated aluminium ions are pres ent.
Extensive investigations have also been conducted on the system A1C13/C H 3CN [7, 8] , in which [A1C1(NCCH3)5]2+ is found to be the predom inant cationic species in solution. The solid in equilibrium with the solution is [A1C1(NCCH3)5][A1C14]2 [8] . Less extensive ionization of A1C13 is observed in diethyl ether, where AlCl3-O E t2 prevails [9] , Dissociation [9, 10] , A nearly quantitative dis sociation of A1C13 into A1C14_, A1C12L + and A1C1L2+ is observed in diglyme or triglyme solutions [9] .
Tetram ethylurea, TM U, is a solvent with strong donor properties [11] , One may therefore expect strong interactions of this solvent with A1C13. This conclusion rests on the fact that TM U completely ionizes M e3SiI to give the siliconium ion [Me3Si-T M U ]+ [12], It was therefore of interest to determ ine which neutral and ionic species are pres ent in the TMU/A1C13 solution, and which compound represents the solid species in equilibrium with the solution.
Experim ental
All experim ents were conducted under rigorously dry conditions using standard vacuum or Schlenk techniques. A nhydrous A1C13 was freshly sublimed before use and handled in an atm osphere of dry nitrogen or argon. Tetram ethylurea (M erck) was dried over m olecular sieves and purified by distilla tion. All other solvents were dried either with LiAlH4 or Na/K alloy.
NMR data were recorded using a B ruker WP 200 spectrom eter equipped with a m ultinuclear probe. Chemical shifts refer to TMS ( 'H ), saturated exter nal aqueous N a N 0 3 solution (14N), 1 M aqueous A1C13 (27A1) and D 20 (170 ) . C6D 6 was used as inter nal lock for 13C, 170 , 14N and 27Al NM R spectra.
A Syntex R3 autom ated four-circle diffractom eter was used for the X-ray work, using graphite monochrom ated M oKa radiation. The SHELXTL pro gram package (version 98) was used in all calcula tions.
Alum inium trichloride tetramethylurea (1) To a solution of 0.61 g A1C13 (4.58 mmol) in 5 ml diethylether was added at -60 °C 0.55 ml tetra m ethylurea (TM U , 4.58 mmol). A solid form ed which was removed by filtration and recrystallized from diethylether. Yield: 0.92 g 1 (81% ), m.p. Data collection: a>l26 m ethod, signal width 0.8°, peak/background ratio 1 :1 , variable scan speed: 3 -29.37min for 150-2500 counts (s); range m eas ured: 2 < 2 0 < 5 O° with h ± k ± l , 2 check reflections measured after 48 intensity m easurem ents. 4251 in- tensity data collected. T/^-Scan for empirical absorp tion correction. Table I contains fractional coordinates [13] . 
Discussion
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According to the IR spectrum of 1, it is the carbonyl oxygen atom which coordinates to the aluminium atom. Evidence for this coordination comes from a 30 cm -1 shift to lower frequency of vCO in the adduct with respect to the free ligand. This behaviour is simi lar to the adduct of BC13 with tetram ethylurea [14] . The strong band at 500 cm-1 accompanied by a shoulder at 480 cm-1 does not fully support the struc ture suggested for 1. It would also be in accord with a structure [A1C12(TM U )2]A1C14 with the 500 cm-1 band resulting from the A1C1 stretching mode of A1C14~ [15] , and the shoulder resulting from r as of the C12A1 unit.
H owever, the 27A1 NMR spectra of 1 in C6D 6 solu tion point to the presence of the coordination com pound: a single signal at 91.5 ppm which is typical for a tetrahedral environment of the aluminium atom is observed. Surprisingly, 1 shows only one 'H NM R signal and two 13C NMR signals; therefore, there is no hindered rotation at the CN bond, a situation typical also for the free ligand.
Ether solutions o f adduct 1
27A1 N M R spectra of compound 1 in diethylether show that reaction ( 1 ) actually represents an equilib rium situation, because a signal at <327A1 = 102-103 is observed, which results from AlCl3-O E t2 [10] , On cooling to -1 0 °C a new broad signal at <327A1 = 84 emerges. U pon further cooling, this signal as well as that of 1 quickly broaden to such an extent that they are no longer observable at -40 °C (see Fig. 1 ). Only the signal at 102 ppm remains, the line width of which increases from 30 to 270 Hz. The high field signal observed in the 27A1 NM R spectrum is most likely due to [A1C12(TM U)2]+, and, therefore, the 88.4 signal at 103 ppm may not only result from the pres ence of Cl3A l-O E t2, but also from A1C14_.
Tetramethylurea solutions o f adduct 1
This conclusion is further substantiated by 27Al NM R data obtained from TM U solutions of 1. These solutions (see Fig. 2) show only two signals at 101.9 and 68 ppm. The (327A1 of the former corre sponds to A1C14~ [16] , although its line width (~ 100 Hz) exceeds by far the width for the free ion (15 Hz) . The second signal is found in the region for pentacoordinated aluminium. T herefore, it is dif ficult to determ ine w hether it results from the species [A1C12(TM U )2]+ or [A1C12(TM U )3]~. In any case, the solutions are highly conducting, and their equiva lent conductivity (A = 10.5 cm2ß ' 1m o r I) is in ac cord with the presence of a 1:1 electrolyte. Thus, dissociation of the adduct 1 in TM U proceeds pre dominantly according to eq. (2).
A1C13 • TM U ^ [A1C12(T M U )2]+ + AlCLf (2)
In order to show that the rather broad signal in the 27Al NM R at d = 103 results from the tetrachloroaluminate ion, excess KC1 was added to the solution. This increased the signal intensity by a factor of ap- 1 1 -N 1 -C 1 2 114.4(2 proximately 2 without greatly affecting its line width. Therefore, a reaction according to equation (3) is indicated; however, KC1 is not able to shift fully the equilibrium to the side of KA1C14. The fairly broad signal due to A1C14~ obviously results from chloride exchange processes.
Crystal and molecular structure o f adduct 1
Although spectroscopic evidence favours 1 as a molecular entity, an X-ray crystallographic structure determ ination was considered necessary to make this conclusion unambiguous. Fig. 3 shows an O R TEP plot of the molecule, and Table II contains molecu lar parameters.
The plot clearly dem onstrates that 1 is a 1:1 coor dination compound of A1C13 with TMU. The aluminium atom is tetrahedrally surrounded by three chlorine atoms and the oxygen atom of the carbonyl group of TMU.
All A1C1 bonds are of the same length within the 3 o criterion (A1C1 2.125 Ä ); in addition, the C l-A l-Cl bond angles deviate not more than 2.8° from the ideal tetrahedral bond angle. The Cl-A l-O angles are all slightly smaller than the tetrahedral angle. More im portant, the bond angle at the oxygen atom is 132.5° and therefore wider than expected for an sp2-hybridized oxygen atom. The three atoms surrounding the carbonyl carbon atom lie in a plane with this atom which also includes the C ll atom (dihedral angle C l l -A l-O -C l 5.2°). The somewhat larger N I -C l -C2 bond angle (12 2 .1°) as compared to the two O -C l -N bond angles reflects the steric effect of the dimethylamino groups. The sums of the bond angles at the nitrogen atoms deviate slightly (N I 358.4°, N2 359.7°) from the 360° expected for ideal sp2 hybridization, with the C -N -C bond angles compressed to 114.4 and 115.0°, respectively.
The M e2N groups are not coplanar with the O C N 2 plane; therefore, ^-interaction is reduced. The best planes through C 1N 1C 11C 12 and C 1 N 2 C 2 1 C 2 2 form interplanar angles with the OCN2 plane of 155.8° and 43.5°, respectively. Therefore the two M e2N groups are twisted out of the OCN2 plane in the same sense. This is in accord with the almost perfect sp2-hybridization on N 2 and the shorter C 1N 2 bond (1.321(2) Ä) as compared to C 1N 1 (1.330(3) Ä). The difference is small, but significant.
There are, to our knowledge, two other com plexes of TM U, whose structures have been d eter mined by X-ray methods, while the crystal structure of TMU has not yet been reported. However, its structure in the gas phase, determ ined by electron diffraction, is known [16] . The TMU molecule has C2 symmetry, the nitrogen atoms are very slightly pyramidal (similar to 1), and the M e2N groups are twisted by approximately 42° out of the O CN 2 plane. This is definitely more than the average in 1. Since the CO bond length was found to be 1.239 Ä in TM U , addition of A1C13 to the oxygen atom in TM U lengthens the CO bond by 0.063 Ä. This is considerably more than in M e2SnCl2 TM U (CO 1.269(7) Ä , Zl 0.031 Ä) [17] or in Ph3SnCl-TM U (CO 1.26(2) Ä , A 0.02 Ä) [18] . Also, the two CN bonds differ m ore in the coordination compounds of tin than in 1 as shown by bond length of 1.335(8) and 1.356(8) Ä for M e2SnCl2-TM U and 1.38(2) and 1.33(2) Ä for Ph3SnCl-TM U . The bond angle at the oxygen atom in M e2SnCl2-TM U is equal to that in 1, but 4.2° larger in Ph3SnCl-TM U . It therefore ap pears from the present data, that A1C13 is the stronger acceptor as com pared to the organotin halides, with more negative charge placed on the aluminium atom. Consequently, the A1C1 bond lengths in 1 are similar to those found for the anion A lC ir [19] (2.102-2.145 Ä) and for AlClr NM e3 [20] (2.11 A ) , and the CN bonds are short due to strong jr-bonding with the carbon atom. 1 can there fore be described by the formulae A -C, with B and C contributing more strongly to the ground state than A . e ®
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